Sir:
In a previous paper, we proposed the new structure of bleomycin (abbreviated as BLM), which contains one primary and one secondary amino groups ( Fig. 1)1) . The secondary amino group in BLM, however, did not react with methyl iodide or 2,4-dinitroftuoro benzene, that is after treatment with these reagents followed by total acid hydrolysis, BLM gave Nx-trimethylf-aminoalanine (Nx-trimethyl-V2)) or Nx-dinitrophenyl-f-aminoalanine (Nx-DNP-V), respectively, but neither the N/3-methyl-derivative nor the N/3-DNP-derivative (see Fig. 1 ). This lack of reactivity of the secondary amino group had led to the former /-lactam structure3). Therefore, we studied reactions of BLM to establish the presence of a free secondary amino group in BLM. In this communication, methylation of BLM with formaldehyde and sodium cyanoborohydride and the bioactivity of the resulting N-methyl derivatives are reported.
Methylation of aliphatic amino group with formaldehyde and sodium cyanoborohydride4) was mild enough to apply to BLM, which generally suffers from undesired modifications such as isomerization5) and ring closure1). Treatment of metal-free BLM A2 with excess formaldehyde (5 moles) and sodium cyanoborohydride in methanol at room temperature for 24 hours gave predominantly one product in a yield of 85%. The structure of this product was found by NMR and degradation studies to be Ni,Ni,N/-trimethyl BLM A2 (Fig. 1) 
and dimethylamine, corresponding to 11, V and ammonia formed by competitive /-elimination of BLM under the same hydrolysis conditions (Fig. 1 ). They were isolated by ion-exchange chromatography as described below.
Acid hydrolysate of the trimethyl BLM was Table I in comparison with those of II7). The N-methyl signal appeared at 6 32.6 and the significant shift of the methine carbon signal (8 49.5-8 57.7) by the N-methylation indicated that the methyl group attached to the aliphatic amino group of 11, which stemmed from the secondary amine of BLM. Na,Nx,N/'-Trimethyl-V was crystallized from water and ethanol, m.p. 166°C (decomp.). In its 1H-NMR spectrum, the N-methyl signals appeared at 8 3.35 (3H, singlet) and 3.43 (6H, ringlet) and the methylene and methine signals showed an ABX splitting pattern at 8 ca. 4.1 and 4.55, respectively. The structure was confirmed by direct comparison with an authentic sample, synthesized from f-benzylaminoalanine8) by methylation with formaldehyde and sodium cyanoborohydride followed by reductive removal of the benzyl group.
Dimethylamine in the hydrolysate was converted to its dansyl derivative. This was identified by comparison with an authentic sample by silica gel thin layer chromatography (Rf= 0.84, isopropyl ether; Rf=0.88, ethyl acetatecyclohexane= 3 : 2). When 1.5 molar amount of formaldehyde was used for the reductive methylation of BLM, three products were obtained. They were separated by chromatography on a CM-Sephadex C-25 column developed with a linear gradient of sodium chloride at pH 4.5 after copper-complex formations'. The structures were determined by NMR and degradation studies as described above. The first eluate was found to contain Ni,Na-dimethyl-BLM, the second one was Na,Na,N/3-trimethyl-BLM, and the third to contain Na-methyl-BLM. The ratio of the isolated products was about 8: 9: 39. N/-Methyl-BLM and Na,N/3-dimethyl-BLM could not be found in the methylation products of BLM. This suggests that the methylation of the secondary amine of BLM takes place less readily than the second methylation of the primary amine. N/'-Methyl-BLM was prepared by the following procedure: The primary amino group of BLM A2 was protected by t-butoxycarbonyl group with S-t-butoxycarbonyl-4,6-dimethyl-2-mercaptopyrimidine10). The butoxycarbonyl derivative of BLM was reductively methylated and, thereafter, the protective group was removed by treatment with 50% trifluoroacetic acid at room temperature for 1 hour to give N/3-methyl-BLM in almost quantitative yield.
13C -NMR chemical shifts of five N-methyl derivatives of BLM A2:Na-and N/3-monomethyl, Na,Na-dimethyl and Na,Ni,N/3-and Nx, Na,Na-trimethyl derivatives, are shown in means that methylation of BLM A2 with formaldehyde and sodium cyanoborohydride occurred only in the free amines without any change in the other part of the molecule. The validity of the new amide structure of BLM1) has been recently confirmed most directly by the 15N-NMR spectroscopic study`12), and in this paper the presence of the free secondary amino group in BLM was confirmed by chemical modification.
The free secondary amine, of which the pKa-value is 2.71), has also been confirmed by pH-dependence of the 13C-NMR chemical shifts of the vicinal carbons to the secondary amine*.
The bioactivity of BLM has been found to be due to reactive oxygen radicals formed at the sixth coordination site of its square-pyramidal Fe(ll)-complex13,14) in which the NY-nitrogen occupies the apical coordination site and the N/3-nitrogen occupies one of the in-plane coordination sites. The effect of methylation of these nitrogen donors on the bioactivity was examined by testing the antibacterial activity of the Nmethyl derivatives against Mycobucteriun, smegmatis 607 and the growth inhibition of HeLa cells (Table 2) .
Among the five N-methyl derivatives, only the Na-monomethyl derivative showed activities comparable to the parent BLM A2 and the other four showed only very weak or no activities.
It is remarkable that the Na-monomethyl derivative did not undergo the action of BLM hydrolase, which inactivates BLM by hydrolysis of the amide bond vicinal to the primary amino (Na) group15,16) N//'-Me-A2 Nee,Na-diMe-A2 Na,Na,N/)-triMe-A2 Na,Na,Na-triMe-A2 
